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USING AN ULTRAVIOLET ABSORPTION TECHNIQUE 
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I In connection with studies of the e f f ec t  of dissociation on gas 

propert ies  and of the  relaxation time fo r  dissociat ion under various 
I '  
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flight conditione, a method has been developed by the Langley Research 

Center f o r  measuring the concentration of molecular oxygen as a function 

of time behind shock waves. The ,technique i s  based on the a b i l i t y  of 

the oxygen molecule t o  absorb ultravicdet l i gh t  i n  the wavelength range 

1,250 t o  1,750 angstrom uni ts ,  whereas atomic oxygen is transparent t o  

these wavelengths. 

the Avco Research Laboratory. 

I 
\ 

Work very similar t o  this  has alsoibeen reported by 

I 
I . *  The main objectives of t h i s  paper are t o  deecribe the  method and 

the equipment. It starts w i t h  a brief discussion of what i s  meant by 
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absorption and i n  par t icu lar  what s o r t  of absorption occurs i n  oxygen - 
that is, how strong is the  absorption of l i g h t  i n  oxygen and how does 

l 
the  absorption coeff ic ient  vary w i t h  temperature and wavelength. 

descr ipt ion of the shock tube and the instrumentation follows. 

A 

Also a 
/ \  

t yp ica l  record is shown and is correlated w i t h  theore t ica l  curves which ,/ , 

show how l i g h t  absorption should vary i n  the shock tube fo r  various 

reasonable assumptions about the s ta te  of the gas,behind a shock wave. 

For the benefi t  of anyone who would l i k e  t o  be reminded of j u s t  
4 

what is meant by the term "absorption" f igure 1 shows the equation f o r  

absorption of monochromatic l i g h t  in'passing through a given thickness of 
* Aeronautical Research Engineers. 
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gas. 1/10 i s  the f r ac t ion  of l i g h t  

without be-ng absorbed. The absorpt 

which passes through the gas 

. *  e .  

, 

l ayer  

on coeff ic ient  k var ies  w i , h  tem- 

Since it i s  defined i n  terms of 

2 '  

perature and the  wavelength of l i g h t .  

gas at standard temperature and pressure an equivalent path length 

i s  used i n  the equation instead of the  actual  path length 

a len t  path, length i s  obtained by converting t e s t  conditions t o  standard 

conditions. 

1 .  This equiv- 

Figure 2 shows the  absorption coeff ic ient  of  molecular oxygen as  a 

function of wavelength and temperature i n  the  region of i n t e re s t .  

i s  the  continuous absorption associated with the Schumann-Runge band 

system of oxygen and lies i n  the  vacuum u l t r av io l e t  pa r t  of the  spectrum - 
which, incidentally,  i s  BO named because spectrographs have t o  be h ighly"  

evacuated t o  prevent complete absorption of a l l  l i g h t  by the  oxygen pres- 

ent  i n  the air. 

r e s u l t s  obtained at the  Langley Research Center. They are adjusted so 

a s  t o  match experimentally observed values which have been reported i n  

the l i t e r a tu re .  Since all t he  l i t e r a t u r e  data were taken at  room tem- 

perature it w i l l  be in te res t ing  t o  check the  high temperature curves 

experimentally w i t h  the  shock-tube r e su l t s .  

d i t i ons  behind the shock f ront  a re  known independently. 

if the  shock Mach number is not too  high l i t t l e  o r  no dissociat ion i s  

prefient inmediately behind the  shock f ront  and the  other degrees Of 

freedom, such as t rans la t ion ,  vibrat ion,  and ro ta t ion ,  are i n  equilibrium.' 

It 

These absorption coeff ic ient  curves a re  calculated 

This can be done if con- 

For instance, 

. 
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lAvcO's s tudies  show t h a t ,  while t h i s  statement i s  t rue  f o r  oxygen, 

it i s  not t rue  i n  air. 

nitrogen il: of the  same order of magnitude as the  dissociat ion time of 

(Avco Research Report 22. ) 

The time required f o r  v ibra t iona l  equ:llibrium i n  * 

02. 
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h u e  temperature, dcneity, 'and gas compositibn-arc known - leaving only 
7 

the, absorption coefficient t o  be determined from measurement of t he  

chutngc i n  transmitted l ight .  
' ,  

\ Preliminary exemination of the data i n  

$8 hand from t h i s  point of view h e  thue fw proved sat isfactory.  Invest i -  

gation o f  the  temperatwe dependence of the absorption coefficient by < 

t h i s  metw w i l l  be continued. 
#, ~ 

Figure 3 show a block diagram of the experimental setup used. 

Ultraviolet  light, from a pulsed hydrogen discharge tube passes through 0 

a 1-inch absorption path and a grating monochromator before it fal ls  on 

a photomultiplier sensi t ized for  u l t rav io le t  l i g h t  w i t h  sodium sa l icy la te  

Because of the oxygen present i n  a i r  all l i g h t  paths m e  i n  vacuum. The 

bandpass width of the monochromator is about 11 angstroms. A Polaroid 

scope. The time resolution of the  system is deterrinined by the t b e  

required f o r  the shock wave t o  cross the l i g h t  beam and is approximately 

one-third of a microsecond. Ionization probes located 5 inches i n  f ront  

of and.5 inches behind 'the t e s t  section are used fo r  the shock velocity 

Two of the  many discharge tube configurations which have been tried 

are shown i n  f igure 4, Since develophent work on the l i g h t  source i s  
t 

s t i l l  being carr ied on a general discussion of features  comon t o  a l l  

types t r i e d  w i l l  be given. 

a t  about 1 t o  2 mm pressure. 

The discharge takes place i n  flowing hydrogen 

There is no window between the discharge 

and the lithium fluoride shock-tube window. Cgse i e  taken t o  insure, 
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the clcanlinees of the g lass  and metal surfaces exposed t o  the  discharge, 

but  no elaborate outgassing procedures are  used. 

of the  order o f  2,000 amperes and i s  obtained from &n a r t i f i c i a l  t rans-  

The c p r e n t  pulse i s  . 

mission l i n e  made up of 20 condensers and 20 co i l s .  

Etrt if icial  t rmsn, iss ion l i n e  f o r  energy storage gives the l i g h t  pulse a 

The use of an 

long duration a rd  a f la t  top. A heavy duty hydrogen thyratron i s  used 

t o  hold off the discharge u n t i l  a t r iggering pulse i s  received from the  

shock tube, 

L .  
4 
8 

+ 3  

The ehock tube used (see f i g .  5 ) .  has been deJcribed i n  the  Journal 

Aeronautical Sciences (August 1958 i s sue)  by Schexnayder. 

diaphragm type with a 16 t o  1 area contraction j u s t  before t h e  second 

diaphragm.. 

chamber i s  f i l l e d  w i t h  helium or  hydrogen-helium mixtures, depending on 

It is a double 

The buffer  chamber i s  f i l l e d  with helium and the  high pressure 

the  Mach number desired.  

scribed s t e e l  p l a t e s ,  The low-pressure diaphragms are Mylar f i l m .  The 

high-pressure diaphragm i s  broken by pressure. 

i s  broken by t h e  refLection of the  primary shock wave at  the  contraction. 

The pressure i n  the l - inch-d imeter  port ion of t he  shock tube is always 

determined by the p a r t i a l  pressure of 

amount of u l t r av io l e t  l igh$ absorption. For pure 02 t h i s  pressure is 

about 0.3 mm and f o r  a 10 percent 02 i n  argon mixture i s  about 3 mm. 

The low-pressure section is always pumped t o  20 microns before f i l l i n g  

The high-pressure diaphragms are  1/16-inch 
i 

The low-pressure diaphragm 

02 necessary t o  give a convenient 

and is raised t o  the desired i n i t i a l  pressure by admitting the  gas mixture 

through a leak valve while continuing the  pumping. Thus the  runs are 
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i taken i n  a slowly flowing mixture. The e f f e c t s  of res idual  vapor pres- 

sures and small air leaks are minimized by t h i s  procedure. The leak r a t e  

L 
4 
8 
3 

of the  shock tube when closed o f f  from the  punrp i s  1 or  2 microns per 

minute. 

Figure 6 i l l u s t r a t e s  a typ ica l  record obtained from a shock-tube 

The shape of t he  u l t r av io l e t  l i gh t  pulse 'used as background for run. 

absorption i s  indicated by the  dotted l i n e .  The sudden decrease i n  

l i g h t  in tens i ty  as the  shock enters  the absorption beam indicates t h a t  

the  mount of molecular oxygen i n  the 'path has increased. 

of the  increase i n  gas density acrosg the shock f ront .  

decrease i n  l i g h t  i n t ens i ty  shows that t h e  amount of molecular oxygen 

increases s t i l l  more as the  dissociat ion proceeds. 

the  record i s  terminated by the  a r r iva l  of the  dr iver  gas. 

paradoxical t h a t  the  amount of molecular oxygen i n  the  path should increase 

as a r e s u l t  of the dissociat ion of molecules in to  atoms. 

w h a t  happens look at t he  equation f o r  absorption, which can be wri t ten 

% 

This i s  because 

The fur ther  

The useful  pa r t  of 

It may seem.. 

t To make c lear  

. l i k e  this:  
I -& 9 

I -constant&)% e 
- = e  

I/Io is the  f r ac t ion  of l i g h t  which ge ts  through the  shock tube without 

being absorbed, . The degree of dlEsociation i s  indicated by 

absorption coeff ic ient  i s  not a function of wavelength'during a run 

because the  monochromator i s  set a t  a f ixed wavelength, but it i s  wri t ten 

In the  equation as k~ t o  indicate i t s  temperature dependence. 

a. The 

The 
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density r a t i o  across the  shock wave is p / p l .  Immediately behind the 
1-4 : ; 

shock wave a = 0 and *z = 1. The density increase has a l a rge r  

e f f e c t  than the chenge i n  the value of %. Thus, as has already been 

s ta ted ,  the increase i n  absorption noted when the shock front passes i s  

primarily due t o  the density increase. 

the shock f ron t  the degree of dissocicttion i s  not zero but increases 

I n  the  relaxation zone behind k '  
8 
3 

with distance from the  shock f ront .  

sociating molecules take up thermal energy, and the density r a t i o  

becomes l a r g e r ,  *Under the conditions present f o r  the record i l l u s t r a t e d  

The temperature fa l l s  as t he  dis-  

p/p1 

the  density increase overpowers the other f ac to r s  and causes increased 

l i g h t  absorpt,ion even though the gas i s  dissociating. 

t h a t  the density increase i s  not always predominant. 

obtained which show decreasing absorption as dissociation proceeds. 

Behind very strong shock waves the temperature i s  high enough t o  produce 

Note, however, 

Records a re  o f t e n .  

l - A - > o  

I + O ,  and - + e o  = 1. 1 k a  complete dissociation. I n  this  case a 41, 4 

9 k+ a IO 

Thus, there i s  no absorption of l i g h t  a t  all when the oxygen molecules 

a re  a l l  dissociated. 

Some of these considerations a re  i l l u s t r a t e d  i n  f igure 7, which shows 

percent transmission of l i g h t  as a function of Mach number for various 

assumptions about the s t a t e  of the gas. 

marked " I n i t i a l "  represents t he  mount of l i g h t  being transmitted before 

the shock wave passes, 

The horizontal  l i n e  at the top 

The curve marked "Constant 7" at the bottom 



represents t h e  mount of l i g h t  transmitted a f t e r  t he  shock passes if it 

i s  assumed t h a t  vibrat ion and dissociation a re  both frozen. 

Dissociation" curve represents the asnoun{ of l i g h t  transmitted if  onLy 

the dissociat ion i s  frozen, while vibration i s  assumed t o  be i n  equi l ib-  

rium. 

transmitted when both dissociat ion and vibrat ion are  i n  equilibrium. 

For a giden shock wave the  percent transmission at  f i r s t  l i e s  on the  

" I n i t i a l "  curve, drops t o  the "Frozen Dissociation" curve immediately - 

(\ 

l 

The "Frozen 
1 -  

i 

The curve marked "Equilibrium" represents  the  amount of l i g h t  

L 
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behind the ehock f ron t  and qdjuste t o s t h e  "EquIliLrium" curve i n  t he  

rekaxation reglon. 

d i rec t ion  - depending on the  re la t ive  pos i t ion  of t he  two curves at  t h e  

Mach number i n  question. 

' tEqui l ibr imtt  curve goes t o  100 percent transmission - indicating com- 

Note tha t  t h i s  f i n a l  adjustment may be i n  e i the r  

Also note t h a t  f o r  high Mach number the  
-2 > 

p le t e  dissociat ion of the oxygen. 

Figure 8 shows a p lo t  l i k e  the  one i n  f igure  7, but t h i s  time it i s  
c! (r 

' I. 

B f o r  a pa r t i cu la r  gas - namely pure oxygen at  an i n i t i a l  pressure of 0.3 mm. 

The notat ion i s  t h e  sme as before.  

this f igure  f o r  the  gas i n  f ront  of the shock, immediately < 

shock and at the  end of the  available t e s t i n g  time. 

f a i r l y  well with the  theore t ica l  curves, but  bet ter  agreement i s  hoped 

f o r  as the  technique and equipment improve. 

depend on calculated values of the absorption coeff ic ient  and may ne& 

revis ion if bet ter  values of the  absorption coeff ic ient  are found. 

Experimental points  are p lo t ted  on 

behind the  

These points  agree 

The theore t ica l  curves 

0 - -  
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It i s  evident that the  relaxat ion time f o r  dissociat ion of oxygen 

under conditions ac tua l ly  present i n  the  shock tube can be read d i r ec t ly  

from the records. 

from the recorde, but  a ra ther  careful  analysis i s  necessary. 

we have are being analyzed t o  obtain the  react ion rate. 

The react ion rate f o r  dissociat ion can a l s o  be evaluated . 

The records 

To date the 

r e su l t e  a re  preliminary and a b i t  rough. However, they a re  i n  subs tan t ia l  
L .  4 
8 * agreement with those published by Avco. 3 

Summarizing quickly, an u l t r av io l e t  absorption technique has been 

t e s t e d  and found sui table  fo r  s tudies’of  processes which involve rapid 

changes i n  the concentration of molecular oxygen. 

been applied t o  the study of the  dissociat ion of molecular oxygen in to  

atomic oxygen behind a shock wave. 

about one-third of a microsecond for  the  equipment described. 

I n  par t icu lar ,  it has 

The time resolut ion i s  good - being 

b 
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Figure 3.-  Schematic diagram of equipment. NASA 
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